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We utilized the conventional planar fabrication technique and the electrochemical etching 
method to prepare porous Si layers in thep-type region of ap-n junction, which makes the study 
on the transverse transport property of this material possible. The junctions were fabricated by 
low energy ion implantation, with porous Si formed perpendicular to the junction and between 
two metal contacts. This structure confines currents to the direction parallel to the surface. 
Distinct photoconductivity and photovoltaic effects have been clearly revealed from the 1-V 
curves. 
After the report of the visible light emission out of 
porous Si,’ this material regained a lot of attention in the 
hope that optoelectronics in group IV materials can some- 
day be mature. However, many essential subjects about it, 
such as the formation mechanism, the structure, and the 
origin of visible light emission, remain controversial. While 
most work has focused on the optical properties of porous 
Si, not much effort was paid to the electrical aspects. 
Bilenko et al. ’ measured the electrical conductivity and the 
Hall coefficient of porous Si. Beale et aZ. 3 used two and four 
terminal measurements to obtain the resistivity of porous 
Si. Both works did not present current-voltage (I-V) char- 
acteristics. Some recent workG reported the I-V curves of 
metal-porous Si junctions. In these works, the current 
flowed through the junction and the porous layer along the 
direction of electrochemical etching. Results showed that 
metal-p-type porous Si junctions have Schottky junction- 
like behavior while metal-n-type porous Si junctions tend 
to be ohmic. Despite these, detailed study on the I-V char- 
acteristics and the transport mechanism of carriers in po- 
rous Si is lacking. As a matter of fact, better understanding 
in the electrical transport properties of porous Si is not 
only important to electroluminescence and other photosen- 
sitive devices design but also helpful to understanding the 
structure of porous Si itself. In this work, we present a 
study on the electrical transport property of porous Si. 
Detailed I-V characteristics for currents flowing perpen- 
dicular to the etching direction are shown. Obvious oscil- 
lations in the I-V curves due to photoconductivity have 
been observed. 
p-type layers were formed on n-type Si wafers with 
resistivities of 4-7 L! cm by using low energy boron im- 
plantation (dose= 10’5/cm2, energy=25 keV, 50 keV), 
and thermal annealing at 950 “C for 20 min. The junction 
depths were determined by the spreading resistance 
method as 0.52-0.61 pm, and the average value of the 
resulting doping level was about 1019/cm3. Gold with 500 
pm separations were evaporated on the surface. Porous Si 
was formed by electrochemical anodization without illumi- 
nation in HF solutions in the region between contacts. Po- 
rosity was difficult to be determined accurately in our case. 
The concentration of HF solution was 10%. The etching 
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current was 5 mA/cm2 and the etching time was 10 min. 
Figure 1 shows the structure of the fabricated samples. 
During I-V measurements, currents can flow both in- 
the porous region and in the n-type substrate (see Fig. 1) 
through the first p+/n junction and then second n/p+ 
junction on the other side. The back side of our sample was 
also insulated to prevent any leakage current tlow. The 
shallowness of the junctions helped in making the whole 
p-type layer between contacts porous, which is very impor- 
tant for observing and measuring the transport property of 
porous Si. If there were a thick simple conduction p layer 
beneath the porous region, the high level (tens of mA) 
current in the p layer would hinder us from observing the 
low level (,uA to tens of PA) current in the porous layer.’ 
The 1-V curves were taken by using HP4145B semicon- 
ductor parameters analyzer. 
Several light sources were used for examining the pho- 
toconductive behavior of porous Si, including a He-Ne la- 
ser beam that was reflected by a mirror and then focused 
on the sample, an ac bulb driven by a BJT circuit, and a dc 
light emitting diode, etc. 
In our measurements, samples with different junction 
and etching depths showed clear and quite regular varia- 
tions in their I-V curves, which lead to obvious oscillations 
in the corresponding conductance curves.’ The oscillations 
could be attributed to the existence of porous layers since 
no such oscillation was observed in our reference samples 
that do not have porous layers. The I-V curves of the 
reference samples were linear and the resistivities were 
about 21 a cm. 
The structure of the fabricated samples was originally 
designed in an attempt to try to measure any possible 
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FIG. 1. The schematic illustration of the sample structure and a circuit 
model of the sample. 
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FIG. 2. I-V curves for various incident light intensities. The light source 
is a dc bulb. The light intensity was not calibrated but was in the order of 
A>B>C. DisthedarkI-Vcurve., 
quantum transport phenomena in the transverse electrical 
conduction process in porous Si.7 Unfortunately, we did 
not observe any salient features which can be attributed to 
quantum conduction, even at liquid helium temperature. 
However, we found the porous Si possesses profound pho- 
toconductivity.’ The oscillations in the I-V curves of our 
samples were found to be originated from this property, 
which is illustrated in the following paragraphs. 
Under illuminations, our samples showed both photo- 
conductive and photovoltaic effects. Figure 2 shows a typ- 
ical example of the effects of light intensity on I-V curves. 
The curve marked by blank squares is the dark I-V curve. 
It passes through the zero point of coordinates and the 
conductivity is quite low. If a dc light source is applied, the 
conductivity increases and photovoltaic effect shows up. 
As the light intensity increases, the conductivity also in- 
creases. These properties were observed both at room tem- 
perature and at liquid helium temperature. 
When the samples were illuminated by a 60 Hz ac light 
source, their conductivity varied with the light intensity. A 
time domain measurement was done and it clearly showed 
the sensitivity of samples to light intensity. (The oscillation 
period was limited by the sampling period of HP4145B.) 
This feature could be eliminated by choosing proper inte- 
gration time on HP4145B, so we conclude that the oscil- 
lations of I-V curves are the results of conductivity mod- 
ulation due to the line frequency room light during the 
measurements, as shown in Fig. 3. The photoconductivity 
of our samples was a consequence of the formation of po- 
rous Si instead of the effect from bulk Si. This can be seen 
from the facts that our unetched reference samples did not 
show the effect and that the samples with thicker porous 
layers were more sensitive to light intensity variation than 
the ones with thinner porous layer. 
It is noted that in the case as shown in Fig. 1, there is 
always one of the two junctions which is reversely biased 
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FIG. 3. I-V curve and dI/dV curve of B-implanted sample. The implant 
energy is 25 keV and the etching condition is 5 mA current in 10% HF 
solution for 10 minutes. 
and thus limits the current to a low level (reverse current 
of a diode). When there is no porous silicon, this reverse 
current is hindered by the current flow through the non- 
porous p+ region. When there is porous silicon, the reverse 
current can be easily measured since porous silicon is 
highly resistive (the distance between the two contacts is 
very large: 500 pm. This causes a dramatic increase in the 
resistance R,,,) . This is the situation in the dark. However, 
when light is illuminated on the porous silicon region, it is 
possible that due to the large photoconductivity change of 
porous silicon, the current flowing through the porous re- 
gion would become dominant. With increasing the light 
intensity, the current flow through the porous region hor- 
izontally will increase accordingly. 
The appearance of the photovoltaic effect might be af- 
fected by the locations of laser irradiation on the samples. 
Figure 4 shows the I-V curves for the cases in which the 
incident laser was focused on various positions of the sam- 
ple surface (c.f. Fig. 1). During the measurements, the 
right-hand side contact was grounded and the voltage was 
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FIG. 4. I-V curves for various laser irradiation positions on the sample 
surface. Right/left: laser was focused on the porous region which was 
closer to the right/left contact. Middle: laser was focused on the center of 
the porous region between two contacts. 
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applied to the other contact. With the laser focused on the 
middle region of porous Si, there was no photovoltage. By 
varying the focusing position, we obtained different photo- 
voltaic characteristics. This might be due to thep+/n junc- 
tion diodes and to different laser focusing positions acti- 
vated different diodes. According to our spreading 
resistance and the secondary ion mass spectroscopy 
(SIMS) measurements, the p+/n junction formed by bo- 
ron ion implantation disappeared in the porous silicon re- 
gion and the implanted boron was depleted after the anod- 
ization process. Although the carrier depletion in the 
porous silicon layers is generally related to the size of the 
particles or crystallites which constitute the porous silicon 
structure, but the impurity also seems to be etched away 
during the anodization process. 
The origin of the photoconductivity needs to be exam- 
ined, and whether it is related to the boron depletion has to 
be further investigated. Suggestion is made that it could be 
possibly resulted from direct band gap pumping or amor- 
phous S&like gap states, and similar photoconductivity be- 
havior was typically observed in amorphous Si materials. 
In summary, to develop the optoelectronics applica- 
tions of porous Si requires better understanding of various 
properties of this material and better control over 1-Y 
characteristics of p-type porous Si. Oscillations of conduc- 
tance curves due to conductivity modulation have been 
clearly observed, and photovoltaic effects are also revealed. 
Further investigations are necessary for identifying the or- 
igin of the photoconductivity and photovoltaic effects. 
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